Summary. The effects of chlorpropamide on serum lipids, lipoproteins and fractional triglyceride removal have been studied over 12 months on 10 maturity onset diabetics not controlled on diet alone. Similar studies were carried out in 6 maturity onset diabetics who had failed to respond to sulphonylureas and 6 new insulin requiring diabetics. In the chlorpropamide treated patients there was an initial fall in serum and VLDL triglyceride but this effect was lost at 12 months. There was no change in fractional triglyceride removal. At 12 months there was a fall in LDL and a rise in HDL cholesterol. An initial improvement in glucose tolerance and insulin secretion was maintained at 12 months.
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In the insulin treated group the initial fall in serum and VLDL triglyceride was maintained at 12 months and was accompanied by an increase in fractional triglyceride removal. There was also a fall in LDL and a rise in HDL cholesterol at 12 months.
The failure of chlorpropamide to maintain the reduction in serum and VLDL triglyceride could be of importance in the genesis of coronary heart disease in maturity onset diabetics. The fall in LDL and rise in HDL cholesterol found both with chlorpropamide and insulin might be beneficial.
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The incidence of coronary heart disease (CHD) is greater in diabetics than in the normal population [1] . The reasons for this are not as yet clear. One factor could be the presence of hyperlipidaemia, which is frequent in untreated diabetics [2, 3] . Though initial correction of hyperglyaemia in diabetes often corrects serum lipid concentrations, the longer term effects of treatment of diabetes on serum lipids are less clear. A high prevalence of hyperlipidaemia has been observed in treated diabetics [4, 5] . We have therefore studied over 12 months the effects of chlorpropamide on serum lipids and lipoprotein composition in a group of maturity onset diabetics. We have also studied the effects of chlorpropamide treatment on the intravenous fat tolerance test, which is thought to be a measure of endogenous fractional triglyceride removal, as this could provide a clue to the mechanism of any observed changes in serum triglyceride concentration [6] . For comparison similar studies were carried out on the effects of insulin in a group of patients who had failed to respond to sulphonylurea therapy and in a group of new insulin requiring diabetics.
Patients and Methods
Fourteen new maturity onset diabetics were studied. Clinical details are given in Table 1 a. After 3 months on carbohydrate restriction alone their mean random blood glucose was 17.9 mmol/ 1 which was considered unsatisfactory. They were therefore given chlorpropamide 250 mg daily and studied over the period of 1 year. They were asked to keep to the same diet as before and this was reassessed at least once during the study by the dietitian. During the year one patient died of a myocardial infarction. Two were changed to glibenclamide because of skin rashes and one developed cholestatic jaundice; these three patients were withdrawn from the study after 3 months.
The patients treated with insulin (Table 1 b) included 6 who had continued hyperglycaemia and weight loss on diet and sulphonylurea, and 6 younger insulin requiring diabetics presenting with rapid weight loss, hyperglycaemia and ketonuria. None of these had severe acidosis (serum bicarbonate 15-20 retool/l). All received twice daily Rapitard insulin except one who was given once daily Monotard insulin. As the results for both the groups treated with insulin were similar, they were analysed together. All patients were studied between 9 and 10 a. m. after an overnight fast. On the morning of the study, insulin or chlorpropamide was omitted. Blood samples were taken through an indwelling cannula. Blood taken for lipoprotein separation was allowed to clot and serum separated. Very low density lipoprotein (VLDL) was separated by preparative ultracentrifugation [7] , which was started on the same day. Low density lipoprotein (LDL) and high density lipoprotein (HDL) were separated from the infranatant by heparin and manganese precipitation [8] . Total serum and fractionated lipoprotein triglyceride and cholesterol were measured by standard enzymatic methods using reagents purchased as assay kits from Boehringer Mannheim Corporation. The recovery in the lipoprotein analysis, i. e. the sum of cholesterol and triglyceride in the VLDL, LDL and HDL fractions, was within 100 + 13% of the total serum cholesterol and triglyceride. In those treated with chlorpropamide a 2 hour 50 g oral glucose tolerance test (OGTT) with measurements of serum insulin [9] was then carried out on each occasion. They were then given Intralipid (Vitrum) (10%), 1 ml/kg i. v. for the intravenous fat tolerance test (IVFFr) and samples taken every 5 minutes for 35 minutes for spectrophotometric determination of the injected triglyceride [10] . The insulin treated patients were studied in an identical manner except that the OGTF was omitted, A K 2 value was derived as a measure of fractional removal rate of the injected triglyceride. Preliminary studies indicated that a preceding 2 hour OGTT had no effect on the K 2 value of the IVFFT. This has also been shown for a preceding intravenous glucose tolerance test [11] .
The chlorpropamide treated patients were studied after 3 months on diet alone, and at 1, 3 and 12 months after the start of chlorpropamide therapy. Those treated with insulin were studied before and at 1 and 12 months after starting insulin. 
Results

Changes in Body Weight
The chlorpropamide treated patients showed no significant change during treatment (Table 1 a) . The insulin treated group showed a significant increase in weight after 1 month on insulin (Table 1 b ) with a small but not significant further increase after 12 months.
Total Serum and Lipoprotein Triglyceride
The chlorpropamide group showed a significant fall in total serum triglyceride at 1 and 3 months, but by 12 months serum triglyceride was approaching the pre-treatment level (Fig. 1 a) . Similar changes occurred in VLDL triglyceride concentration. A significant fall in LDL and HDL triglyceride was observed at 12 months (Fig. 1 a) . In those treated with insulin there was a fall in total serum and VLDL triglyceride at 1 month which was maintained at 12 months. LDL and HDL triglyceride were all significantly reduced at 12 months (Fig. I b) .
Fractional Triglyceride Removal
In those treated with chlorpropamide there was no change in K 2 value during the study. In contrast, those treated with insulin showed a significant increase in K 2 value at 1 month and at 12 months ( Table 2 ). The increase in fractional triglyceride removal correlated with the fall in serum triglyceride at 12 months (r = 0.87, p. < 0.001). 
Total and Lipoprotein Cholesterol
In the chlorpropamide group there was no change in total serum cholesterol (Fig. 2 a) . There was a significant fall in LDL and rise in VLDL and HDL cholesterol at 12 months (Fig. 2 a) . In the insulin treated group there was no change in total serum cholesterol (Fig. 2 b) . VLDL cholesterol was significantly reduced at 1 and 12 months. LDL cholesterol was reduced, while HDL cholesterol was increased significantly at 12 months (Fig. 2 b) .
Glucose Tolerance and Insulin secretion
The improvement in glucose tolerance in those treated with chlorpropamide found at 1 and 3 months was maintained at 12 months (Fig. 3 a) and was accompanied by a sustained improvement in insulin secretion (Fig. 3 b) .
Discussion
We have shown that chlorpropamide lowered total serum triglyceride and VLDL triglyceride over 3 months but that this effect was lost at 12 months. This is in contrast to the hypoglycaemic effect of the drug in that the fasting and the 30, 60, 90 and 120 minute blood glucose concentrations during the OGTT were all significantly lower at 12 months compared with before treatment (Fig. 3 a) . There have been few previous studies on the effects of sulphonylureas on serum lipid concentrations. A reduction of serum triglyceride with chlorpropamide has been observed in maturity onset diabetics, but these studies were of shorter duration [12, 13] . The failure of chlorpropamide to maintain a reduction in serum and VLDL triglyceride could be of relevance to the incidence of CHD in those treated with it. Hypertriglyceridaemia is probably a risk factor for CHD in the general population [14, 15] and diabetics with atherosclerotic vascular disease have been shown to have a higher serum triglyceride concentration and a greater frequency of pre-beta band staining than those without [16] . Treatment with insulin, on the other hand, resulted in a fall in total serum and VLDL triglyceride which was maintained at 1 year.
The absence of any effect of chlorpropamide in enhancing fractional triglyceride removal suggests a different mode of action from insulin in its initial triglyceride lowering action. Correction of hyperglycaemia by insulin in insulin requiring diabetics has been shown to result in an increase in fractional triglyceride removal [17] . This was confirmed in our study. The insulin group had a higher K 2 value before and after treatment than the chlorpropamide group which probably reflected their younger age [6] . The lower pretreatment value for K2 in the chlorpropamide group could also possibly account for the absence of a response after treatment. A study in which maturity onset diabetics are randomised into insulin and chlorpropamide treated groups would be necessary to exclude this possibility. The close correlation between increase in fractional triglyceride removal and decrease in serum triglyceride suggests that the main mechanism of the triglyceride lowering action of insulin is enhanced triglyceride removal. The absence of any effect of chlorpropamide on fractional triglyceride removal, in the presence of a clear stimulation of insulin secretion, suggests that the early effect of the drug in lowering VLDL triglyceride could have been due to a direct inhibition of hepatic triglyceride synthesis. This suggestion is supported by the finding that when VLDL triglyceride returned towards the pretreatment concentration at 12 months, the enhancement of insulin secretion was maintained (Fig. 3 b) . Thus the effect of chlorpropamide in lowering serum and VLDL triglyceride appeared to be transient and not related to its insulinotropic effect. There is no obvious explanation as to why the effect should be transient, but minor changes in diet insufficient to change body weight and not reported by the patients cannot be excluded.
The decrease in LDL cholesterol and increase in HDL cholesterol found both after chlorpropamide and insulin are of interest. Under some circumstances an inverse relationship has been found to exist between HDL and LDL cholesterol [18] . Furthermore a raised HDL cholesterol concentration has been thought to protect against CHD [18, 19, 20] while a raised LDL cholesterol to predispose to it [21] . The actions of both chlorpropamide and of insulin in lowering LDL and raising HDL cholesterol might therefore be beneficial.
